ABSTRACT. Objective. Our aim was to compare the 12-month safety and efficacy of fluticasone propionate (FP) and sodium cromoglycate (SCG) in children aged 1 to 3 years with mild to moderate recurrent wheeze.
I
nternational treatment guidelines recognize the role of inhaled corticosteroids (ICSs) for the treatment of children who have asthma and are younger than 4 years. 1 In such children, ICSs have been shown to control symptoms, [2] [3] [4] [5] reduce markers of airway inflammation (eg, exhaled nitric oxide), 6 improve lung function, and reduce bronchial hyperreactivity. 7 Fluticasone propionate (FP) in a 100-and 200-g daily dose provides a dose-related reduction in the incidence of exacerbations and improvement of symptoms in children who have recurrent wheeze and are aged 1 to 3 years 4 with a beneficial costeffectiveness. 8 The potential adverse effects of long-term corticosteroid treatment have been a concern. In school children, ICSs have been reported to affect shortterm growth (2 weeks), 9 intermediate-term growth (3-12 months), 10 -14 and long-term growth (4 -6 years), 15 although final adult height was not affected in 1 long-term observational study. 16 In children aged 2 to 8 years, intermediate-term growth of 12 months was reduced during daily treatment with 1 mg of nebulized budesonide (BUD). 17 Children who were 2 to 5 years of age and were treated for 24 weeks with FP (190 -565 g twice daily) also showed a significant decrease in height velocity compared with placebo, although at the end of treatment, height standard deviation scores did not differ significantly. 18 Growth over a 3-to 5-year observation was unaffected in a retrospective, uncontrolled report of 15 children who were aged 2 to 7 years and had severe asthma that was treated with relatively low doses of BUD by metered-dose inhaler (MDI) and spacer (100 g twice daily). 19 Children under 3 years of age may respond to ICSs differently, because linear growth in the first years of life is still influenced by factors that are important for fetal growth (eg, nutrition) before the dominating influence of growth hormone for subsequent childhood growth. In studies of children of this age (1-3 years), short-term lower leg growth (2-4 weeks) was reduced after treatment with FP or BUD via MDI with spacer. 20, 21 We know of no randomized studies on growth rate over a longer term in such young children with asthma. Accordingly, we conducted a prospective, randomized comparison of the 1-year safety and efficacy of FP (100 g twice daily) or sodium cromoglycate (SCG; 5 mg 4 times daily). SCG was selected as the comparator drug on the basis of previous guidelines for asthma management in young children. 1 We report the results of this trial in a large pediatric population (n ϭ 625), aged 1 to 3 years, who presented with mild to moderate recurrent wheeze.
METHODS

Study Design
This was a randomized, parallel-group, open-label study in a multicenter setting, designed to investigate the safety of FP in children younger than 4 years. The size and treatment duration fulfill guidelines issued by the International Committee on Harmonization 22 and leading regulatory guidelines for design of growth studies. The treatment schedule comprised a 1-week run-in (visit 1), a 52-week treatment phase (visits 2-10), and a posttreatment follow-up 2 weeks after completion or withdrawal from the study (visit 11). The study protocol was approved by the investigational center Research Ethics Committees and conducted according to Good Clinical Practice guidelines and the declaration of Helsinki. The study was conducted between October 1999 and March 2001. Signed informed consent was obtained from parents before enrollment.
Patients
We recruited patients who were aged 12 to 47 months and had a documented history of recurrent cough or wheeze and were between the 5th and 95th centiles for height and weight on the growth charts provided for the study. 23 Patients were excluded when they had received systemic corticosteroid therapy for Ͼ5 days within 8 weeks or ICS at doses greater than FP 100 g/day or other ICS of 200 g/day within 4 weeks of visit 1. Patients were also excluded when they had been hospitalized or altered their medication within 4 weeks of visit 1 or had been hospitalized onϾ2 occasions for their recurrent wheeze within 12 months of visit 1. Patients with a systemic disease likely to affect growth were also excluded, as were patients who had a low birth weight (Ͻ1.5 kg) or were born before 32 weeks' gestation. Information on atopy, family history of atopy, and hospitalizations for asthma was also collected.
Treatment
Patients were randomly assigned to receive either FP (2 ϫ 50 g twice daily) via MDI and Babyhaler (GlaxoSmithKline, Stevenage, United Kingdom) spacer device or SCG (1 ϫ 5 mg 4 times daily) via MDI and Nebuhaler (AstraZeneca, Loughborough, United Kingdom) spacer device. Parents were instructed in the correct use of the Babyhaler and Nebuhaler spacer devices and only subjects whose parents could demonstrate correct use of the devices were randomized.
Treatment numbers were allocated in a 3:1 ratio using a blocked randomization stratified by age (Ͻ2 years, Ն2 years). The randomization code was computer generated, and treatment numbers were allocated centrally (ClinPhone Ltd, Nottingham, United Kingdom).
At the end of run-in, all usual asthma medication was discontinued (inhaled or intranasal corticosteroids [FP Յ100 g/day; other ICS Յ200 g/day], SCG, oral antileukotrienes, or ␤-agonists). Systemic corticosteroids were permitted for treatment of exacerbations (maximum 15 days). Patients continued to receive their usual relief medication on an "as required" basis for relief of recurrent wheeze.
Efficacy Parameters
Patients' parents completed daily record cards (DRCs) each morning to record patient wheeze symptoms and symptomatic use of relief medication during the previous 24 hours. DRCs were completed during run-in, for 2 weeks after each visit, and during the 2 weeks preceding visit 10 (week 52), a total of 21 weeks. Overall assessment of wheeze symptoms was scored using a rating scale of 0 to 3. A symptom-free day was defined as a symptom score of 0 for 1 day. Relief medication usage was recorded as a dichotomous variable. A mild exacerbation was defined as a worsening of symptoms requiring a change in the patient's asthma medication other than relief medication (theophyllins, anticholinergics, or antihistamines-not oral corticosteroids). A severe exacerbation was defined as a worsening of symptoms requiring treatment with oral or parenteral corticosteroids and/or an emergency or hospital visit.
Adherence
No formal assessment of treatment compliance was made. The dates on which patients started and stopped their medication were recorded. Protocol adherence was reinforced by clinic visits at short intervals (9 visits in 12 months), where the ability of the caregiver to complete DRCs and to use the spacer devices correctly was assessed, as well as their general adherence with the protocol.
Growth
Patients' height and/or length was measured at each visit in triplicate by the same observer (between 6:00 AM and 10:00 AM) using a calibrated stadiometer (Magnimeter; Raven Equipment, Great Dunmow, UK) and/or an infantometer (Kiddimeter; Raven Equipment). Height was measured in all children above 90 cm with the stadiometer, assuming that the child was able to stand unsupported with legs straight. Height was measured with patients barefoot (heels together and against the heel plate) standing upright with legs, buttocks, backs, shoulders, and occiput in contact with the measuring device. Length was measured in all children Ͻ100 cm and when the patient was unable to stand unsupported or stood unsupported but with legs bent. Infants were measured face up on a measuring board with head against the headpiece, knees together, and hips and legs extended. In infants of between 90 and 100 cm, both infantometry and stadiometry were measured. The mean of 3 height or length measurements were used for analysis. When both height and length were measured, all 6 measurements were used for analysis.
All investigators were instructed in device calibration before use, and training in the form of live demonstrations was given on measurement technique. A detailed description of the method for measuring height and length and positioning of the patient and a training video, prepared by the Child Growth Foundation, on the use of the stadiometer and infantometer were also provided to all investigators.
Hypothalamic-Adrenal Axis
At weeks 0 and 52, a blood sample was collected from the patients between 8:00 AM and 10:00 AM (not fasting) for measurement of serum cortisol concentrations. Blood was collected only from patients who were willing to provide a sample. At week 0, if there was any clinically significant abnormality, then the patient was withdrawn from the study at the discretion of the investigator. Serum samples were analyzed in duplicate in a blinded manner for serum cortisol using solid-phase extraction in combination with liquid chromatography tandem mass spectrometry. 24 Overnight 12-hour urine samples were collected at weeks 0, 28, and 52 for the measurement of urinary-free cortisol concentrations corrected for creatinine excretion. Urine was collected in urine bags for infants who were not toilet trained. Cortisol and creatinine concentrations were determined by Chiron ACS 180 chemiluminescence (Chiron Diagnostics, Walpole, MA) and Roche Hitachi alkaline/picric acid (Roche Diagnostics, Basel, Switzerland), respectively.
Eye Examination
The incidence of cataract formation was monitored carefully during the study. Slit-lamp examinations under sedation were performed at week 0, at week 52, or at withdrawal.
Statistical Analyses
As this was primarily a safety study examining the long-term effects of FP, a primary endpoint was not identified and no power calculations were performed for generating the sample size. Patient numbers were determined by International Committee on Harmonization requirements for the minimum population exposure to assess clinical safety. 22 On the basis of experience, it was judged that approximately 450 patients should be randomized to receive FP to ensure that at least 300 and 100 patients completed weeks 28 and 52, respectively (minimum number for safety regu-latory requirements). Similarly, ϳ150 patients should be randomized to receive SCG to ensure that at least 100 and 33 patients completed weeks 28 and 52, respectively. The intention-to-treat population consisted of all patients who entered the study, were randomized to treatment, and received at least 1 dose of study medication.
All analyses were performed using SAS software (version 8.01; SAS, Inc, Chicago, IL). All tests were performed at the 5% level of significance, with treatment differences and associated 2-sided 95% confidence intervals (CIs) constructed from the final model. Comparison of height velocity between the 2 treatment groups was done using a mixed-effects model. 25 The model included random effect terms for subject and the subject by time interaction, and fixed effect terms for center grouping, age, baseline weight, gender, baseline height and length, indicator variable during treatment data being length or height, treatment, time, and treatment by time interaction. The baseline factors described were found to have a significant impact (at the 10% level) on growth in this group of patients and were from a larger list of factors considered in the protocol. Additional comparisons of height velocity were performed for patients who recorded height only or length only throughout the study. As a confirmatory analysis, the height velocity for each subject derived using linear regression was compared between treatment groups using analysis of covariance including the same baseline factors as above. Serum cortisol concentrations (week 52) and overnight 12-hour creatinine-corrected urinary-free cortisol concentrations (weeks 28 and 52) were logtransformed to satisfy normality assumptions and analyzed using analysis of covariance allowing for effects as a result of baseline (visit 2 data) age, gender, center grouping, and treatment. All urine and serum data collected were included in the analysis. For efficacy parameters, the primary assessment period for statistical analysis was weeks 1 to 52. The percentage of symptom-free days and percentage of days with no rescue medication were calculated for each subject and assigned to 1 of the following 4 categories: 0% to 25%, Ͼ25% to 50%, Ͼ50% to 75%, and Ͼ75% to 100%. The numbers of subjects in each of the categories was compared between treatment groups using a proportional odds model allowing for effects as a result of age, gender, center grouping, and treatment. The overall incidence of withdrawals and the incidence of withdrawals as a result of lack of efficacy were examined using Fisher's exact test.
RESULTS
Study Population
A total of 625 patients were randomized to treatment: 471 patients to the FP group and 154 patients to the SCG group, with 25% (n ϭ 158) of these patients aged 12 to 23 months. The number of patients who discontinued therapy was balanced between groups, 19% and 21% of patients in the FP and SCG groups, respectively, and was attributable mainly to protocol violation. Patients were discontinued when they fell beyond the 5th to 95th centiles for height and/or weight during the study. A total of 381 patients completed treatment in the FP group compared with 122 patients in the SCG group. Table  1 summarizes patient accountability during the study. Patients were recruited in Bulgaria (13%), Czech Republic (8%), Croatia (5%), Hungary (12%), Israel (4%), New Zealand (4%), Poland (16%), Russia (20%), Slovakia (9%), and South Africa (10%); however, 93% of the patients were white. The interaction between treatment and country was assessed and found not to be significant, indicating that there was no evidence of different effects between countries.
Treatment groups were well balanced with regard to anthropometric measures, socioeconomic status, and atopic history ( Table 2) . Fifty-six percent of patients had been hospitalized in the previous year for persistent wheeze; 40% had an atopic history, with 39% having a family history of asthma; and 36% had previously been on regular ICSs. During the 1-week run-in period, the mean percentage of symptom-free days was 60%, which equates to an average of 3 days per week with symptoms.
Adherence
The mean (Ϯstandard deviation) estimated exposure time was 322 Ϯ 96 days versus 319 Ϯ 102 days in the FP and SCG groups, respectively. The patient accountability shows the number who completed all measurements ( Table 1) . The percentage of patients who remained in the study over time is shown in Fig  1. 
Safety Parameters
Stadiometry and Infantometry Measurements
There was no significant difference in the mean adjusted growth rates between the 2 groups after 52 weeks of treatment (Fig 2) , and the estimate of treatment difference with associated 95% CI was small (FP-SCG difference: Ϫ2.4 mm/year; 95% CI: Ϫ6.6 to 1.8; P ϭ .259). Regression slope analysis revealed a growth rate of 85.3 mm/year in both groups (FP-SCG difference: 0.0 mm/year; 95% CI: Ϫ5.2 to 5.2; P ϭ .993). Growth rates did not differ when estimated separately for all measurements of length and all measurements of height (Fig 2) . There was also no significant growth rate difference during the first 3 months of treatment, and estimates of growth rate were independent of country. Estimates of growth ITT indicates intention to treat. * Includes related to lack of efficacy and not related to lack of efficacy. † Adverse event related to lack of efficacy for both patients.
http://www.pediatrics.org/cgi/content/full/113/2/e87 e89 rates were also independent of gender, age, previous use of corticosteroids, and measurement method (length and/or height; Table 3 ). Only a very small number of patients grew abnormally during this study, and numbers were similar between the 2 groups, indicating that this was unlikely to be a treatment effect. Eight (2%) patients in the FP group and 4 (3%) in the SCG group grew Ͻ20 mm/year, and 13 (3%) patients in the FP group and 4 (3%) in the SCG group grew Ͼ140 mm/year.
Cortisol Measurements
Serum-cortisol was significantly reduced in the FP-treated (n ϭ 289) compared with SCG-treated (n ϭ 94) children at the end of the study: 240.8 nmol/L versus 267.9 nmol/L (odds ratio [OR]: 0.90; 95% CI: 0.81-1.00; P ϭ .050). Eleven (3%) children in the FP treatment group had adrenal suppression at randomization shown by serum cortisol levels below the lower limit (83 nmol/L). This improved during the study as only 3 children (Ͻ1%) had this reported level after 52 weeks of treatment, compared with 4 (3%) and 0 children in the SCG group.
Twelve-hour urinary-free cortisol corrected for creatinine was significantly reduced after FP treatment (28.2 nmol/mmol) compared with SCG (33.0 nmol/mmol; OR: 0.86; 95% CI: 0.76 -0.96; P ϭ .008). Urinary cortisol concentrations decreased by Ն30% in 27% and 18% of children in the FP and SCG groups, respectively, and by Ն50% in 13% and 11% in the FP and SCG groups, respectively. During the study, oral corticosteroids were permitted for a maximum period of only 15 days and so were unlikely to have had an effect on cortisol concentrations. Table 4 summarizes mean serum and creatinine-corrected urinary cortisol concentrations.
Eye Examination
A total of 432 children and 358 children had an ophthalmic examination at week 0 and at week 52, respectively. Cataract was reported in 2 patients: 1 at baseline (steroid naïve), who was withdrawn before treatment, and 1 patient (male, 44 months) treated with FP was found on slit-lamp examination to have a pinhead-sized posterior capsule intraocular opacity in the left eye that had no effect on visual acuity (in 
e90
SAFETY OF INHALED CORTICOSTEROIDS IN TODDLERS
the opinion of the ophthalmologist). No raised intraocular pressures were detected. The child had a growth rate of 100 mm/year (above 97th centile) versus a mean of 83.9 mm/year for the whole study population. Baseline urinary cortisol concentration was higher in this child (48 nmol/L) than the group mean value (27 nmol/L) and fell to 12 nmol/L at week 52. He was taken off FP after the study. Follow-up visits showed that the size of the cataract seemed to have decreased 6 months posttreatment and had disappeared 1 year posttreatment.
Adverse Events
Any drug-related adverse event was reported by 4% on FP and 2% on SCG. The most common drugrelated adverse events were cough (2% FP vs 1% SCG) and hoarseness (1% FP vs 0% SCG). Candida was seen in 3 children on FP and in 0 on SCG. Other drug-related events were seen only in single cases.
Five percent of patients in the FP group had a serious adverse event compared with 6% in the SCG group, although none of these events was considered by the investigators to be drug related and mostly consisted of asthma. Two subjects from both groups withdrew as a result of adverse events (not drug related).
Efficacy Parameters
FP demonstrated statistically significant superior efficacy to SCG in all comparisons, suggesting good compliance with therapy in the FP group. Fewer patients who were treated with FP experienced 1 or more mild exacerbation (30% vs 38%; OR: 1.60; 95% CI: 1.08 -2.37; P ϭ .017), severe exacerbation (7% vs 16%; OR: 2.41; 95% CI: 1.31-4.38; P ϭ .004), and need for courses of oral corticosteroids for such exacerbations (6% vs 12%). Patients on FP had significantly more symptom-free days (OR: 0.49; 95% CI: 0.33-0.72; P Ͻ .001) and less use of rescue medication (OR: 0.56; 95% CI: 0.34 -0.93; P ϭ .023) compared with patients on SCG. This means that FP patients were twice as likely to be in a higher category of both symptom control and reduced use of rescue medication as SCG patients. The week by which the majority of patients reached 100% symptom-free days was week 5 to 6 for FP and week 13 to 14 for SCG. A total of 72% (n ϭ 340) of patients in the FP group exhibited symptom-free days for Ն75% of the whole treatment period compared with 61% (n ϭ 94) of patients in the SCG group. Similarly, 88% (n ϭ 411) and 79% (n ϭ 123) of patients in the FP and SCG groups, respectively, did not use rescue medication for at least 75% of the treatment period. In the northern hemisphere, asthma symptoms improved throughout the summer with both treatments, but control was sustained during the subsequent winter only with FP (Fig 3) . Symptom improvement on FP compared with SCG was independent of gender and previous use of ICSs.
The percentage of patients who withdrew was similar in both treatment groups, but significantly fewer patients withdrew from the FP group as a result of lack of efficacy (difference FP-SCG: Ϫ3%; 95% CI: Ϫ6% to 0%; P ϭ .002), although the numbers in each treatment group was small (0 patients with FP and 5 patients with SCG).
DISCUSSION
The importance of early anti-inflammatory control even in young children is increasingly appreciated. 1, 26 Therefore, there is a clinical need for the evaluation of the safety of ICSs in children who are younger than 4 years and have asthma-like symptoms. In our study, we found that 1-year treatment with standard doses of inhaled FP in children who were aged 1 to 3 years and had mild to moderate recurrent wheeze resulted in improved symptom control with no effect on growth rate compared with inhaled SCG. The large number of children recruited (n ϭ 668) and treated (n ϭ 625) far exceeds that in previous studies. The treatment difference for growth rates was small with a narrow CI (Ϫ6.6 to 1.8 mm/year) and was not influenced by age, gender, previous use of steroids, or measurement technique (height vs length). Although previous use of steroids can affect growth, this study contained a large number of steroid-naïve patients, indicating that the results seen were not influenced by previous use of steroids. A diagnosis of asthma is difficult in this young population. These children received a diagnosis of mild to moderate persistent wheeze with a documented history of persistent/recurrent cough, wheeze, and/or asthma-like symptoms. More than 50% had been hospitalized for the disorder in the previous year, and Ͼ30% had been on regular ICSs. The dose of FP (100 g twice daily) was considered Results are expressed as geometric mean (coefficient of variation).
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appropriate on the basis of our earlier dose-response study. 4 Measurement of urinary cortisol concentrations in this size and age of population for 1 year was a major achievement given the difficulty in using urine bags for children who were not toilet trained. Mean serum cortisol concentrations showed a statistically significant suppression of 10% but stayed within the normal range for age. Similarly, urinary cortisol concentrations were suppressed by 14%. Still, fewer subjects had serum cortisol levels below the normal range at the end of the study compared with baseline values. Thirteen and 11% on FP and SCG, respectively, exhibited Ͼ50% suppression with no significant difference between treatments. Changes in endogenous cortisol production reflected detectable systemic steroid activity from FP but did not indicate clinically relevant hypothalamic-adrenal axis suppression. Detectable steroid activity is inevitable for any topical steroid treatment of the airways, as steroids are not metabolized locally but have to pass via the systemic circulation to the liver for degradation. The systemic activity therefore is reflective of the route of elimination and is not a measure of a clinical side effect, which can be measured only through clinical measurements of the target organs such as growth measurements, ophthalmic examination, and test for adrenal responsiveness to stress (the first 2 of which were measured in this study and both of which provided reassuring safety data). It is recognized, however, that urinary-free cortisol concentration is a relatively insensitive marker of hypothalamic-pituitary adrenal activity and that a better approach would be to estimate 24-hour secretion rates of total cortisol and cortisol metabolites 27 or a low-dose synacthen test. 28 Few recent case reports in children have indicated that high, nonlicensed doses of ICSs, particularly fluticasone propionate (500 -2000 g/ day), can cause serious systemic side effects such as hypoglycemia, secondary to adrenal insufficiency. 29 -31 It is reassuring that in the present study, using a licensed dose of 200 g/day, adrenal function tests gave reassuring results with no single child having urinary cortisol below the lower reference limit. Indeed, this finding of cortisol suppression is in keeping with our recent report on knemometry showing approximately 50% reduction on lower leg length growth during 2-week periods. 21 Such findings are very sensitive measures of systemic steroid activity and useful for comparative purposes. However, it has no bearings on clinically relevant side effects that can be gauged only from direct measurements of the target organ.
Slit-lamp examination of the lenses was completed in 432 children at study entry and in 358 at completion. This provides the most powerful pediatric ophthalmic safety database in the public domain. A pinhead-sized posterior capsule intraocular opacity was seen in the left eye of 1 steroid-naïve child who withdrew before receiving treatment and another steroid-naïve child after 52 weeks of FP treatment. However, growth was not affected in this child. The incidence of congenital cataract in children aged 2 to 10 has previously been shown to be 4 to 6/10 000. 32, 33 Both treatments were well tolerated. The most common drug-related adverse events were cough (2% FP vs 1% SCG) and hoarseness (1% FP vs 0% SCG).
The efficacy of FP was superior to SCG, with fewer cases of mild and severe exacerbations and requirements for oral steroid treatment and more symptomfree days and days without use of rescue treatment. Typically, there is a considerable spontaneous improvement of this highly variable condition observed in clinical trials. 4, 34 However, the effect of FP over the comparator was further illustrated by the sustained symptom control on FP treatment and worsening on SCG that coincided with the start of the viral season (Fig 3) . The lower efficacy of SCG is probably in part attributable to low adherence to the required 4-times-daily regimen revealed in this longterm trial, although caregivers were reminded periodically of compliance.
The study was a randomized, parallel-group, open-label study. Although the study was designed predominantly as a safety study before regulatory authority guidelines on growth studies, it did comply with many of the recommendations with respect to study design, inclusion/exclusion criteria, treatment duration, method of height measurements, and statistical analyses. This study did not, however, contain either a 6-month run-in or a six-month follow-up period as specified in regulatory authority guidelines on growth studies. In view of the accumulated evidence of efficacy of ICSs in this age group, [35] [36] [37] placebo control was not considered ethical in this 12-month study of young symptomatic children. Furthermore, placebo control would require a double-dummy technique that, in view of the 4-timesdaily treatment regimen of SCG, would compromise patient recruitment, retention, and compliance. In addition, many of the key safety parameters were objective, reducing the potential for bias introduced by the open-label design. Adherence with study medication is suggested from the documented clinical efficacy even at the end of this 12-month study period. Also, cortisol suppression at the last visit attests to the adherence to study treatment. The completion rate was good with 80% of patients attending all visits of the study, withdrawal rates being similar for both treatment groups.
Our study represents the first prospective, controlled, and randomized 1-year study of growth, urine cortisol, and slit-lamp examination of the lenses in toddlers who were younger than 4 years and had recurrent wheeze treated with ICSs. The recruitment of Ͼ600 young children provides a more precise estimate of treatment effects and thereby greater reassurance on the safety of inhaled FP in young children with recurrent wheeze. In conclusion, this study provides reassuring safety data permitting a strategy of early intervention with ICSs in young children with wheeze.
